We have investigated a new cubic spinel LiZn 2 V 3 O 8 which crystallizes in the Fd3m space group. From a CurieWeiss fit of the susceptibility χ dc (T ) data, we obtained the Curie-Weiss temperature θ CW = -185 K. This suggests strong antiferromagnetic (AFM) correlations among the magnetic ions. In low fields, the zero-field-cooled (ZFC) and field-cooled (FC) magnetization data show bifurcation below T f ⋍ 3 K, indicating spin-glass behaviour which is evident from the frequency dependence of the ac susceptibility (χ s confirms the formation of clusters in the spin-glass ground state. We observed ageing phenomena and memory effects both in ZFC and FC modes. We found that a positive temperature cycle erases the memory, as predicted by the hierarchical model. In heat capacity measurements, we did not observe any sharp anomaly indicative of long-range ordering down to 2 K. The entropy change ∆S m is only about 25% of what is expected for LiZn 2 V 3 O 8 per formula unit. This is likely due to the presence of strong frustration within the system. The 7 Li nuclear magnetic resonance (NMR) spectra show a shift and broadening with decreasing temperature. The spin-lattice and spin-spin relaxation rates show anomalies due to spin freezing around 3 K as in the bulk magnetization.
I. INTRODUCTION
Spinel oxides with the general formula AB 2 O 4 have provided an excellent arena for studying the effects of geometrical frustration [1, 2] and have seen a surge of interest in the past decade due to a series of exciting experimental observations. In the cubic spinel, the Bsites form a corner shared, 3D tetrahedral network like the pyrochlore lattice which is geometrically frustrated. The geometrical frustration arises when magnetic moments occupying the B-sites interact antiferromagnetically with each other. With the intention of unravelling novel magnetic properties arising due to geometric frustration, we were in the quest for new B-site cubic spinel compounds. In this category, 3d-transition metal oxide LiV 2 O 4 [3] [4] [5] 
(V

3+
: V 4+ = 1:1) is a well-studied system. It shows heavy fermionic behaviour [6] . But with nonmagnetic impurity (Zn/Ti) doping, it shows spin-glass behaviour [7] [8] [9] . Recently studied mixed valent spinel (Bsite) system Zn 3 V 3 O 8 (V
: V 4+ = 2:1) [10] has been suggested to possess a cluster spin-glass ground state. LiZn 2 Mo 3 O 8 [11, 12] is another system stoichiometrically similar to our probed system. With a frustrated geometry, it exhibits a resonating valence-bond condensed state [13] . The strong interplays between the spin, charge, lattice and orbital degrees of freedom in these transition * Electronic address: susanta.kundu@iitb.ac.in † Electronic address: mahajan@phy.iitb.ac.in metal oxides (TMO) are the source of these novel magnetic properties. Motivated by these exotic behaviours of the cubic spinels, we decided to investigate the mixed valent system LiZn 2 V 3 O 8 (LZVO). Only the structural and electrical properties of LZVO were reported long back in 1972 by B. Reuter and G. Colsmann [14] . The magnetic properties of LZVO is not reported so far. As zinc (Zn) prefers the A-site in spinel like in ZnCr 2 O 4 [15, 16] and ZnV 2 O 4 [17, 18] , we expect the site occupancy of LZVO is to be represented as [Zn 1.0 (Li 0.25 V 0.75 ) 2 O 4 ] 2 -where the octahedral B-site is occupied by Li and V in the 1:3 ratio. It will be exciting to observe how the 25% dilution via non-magnetic lithium affects the magnetic properties of LZVO. Also, here we can do local probe measurement (NMR) on 7 Li nuclei. From stoichiometry, the LZVO is a mixed valent spinel as in this compound the average vanadium valence is + 11 3 . So it will be interesting to see whether this leads to tetravalent and trivalent V in the 2:1 ratio.
In this work, we report sample preparation, structural analysis, bulk magnetic properties, heat capacity and 7 Li NMR measurements on LZVO. The system crystallizes in the centrosymmetric Fd3m space group with a site sharing between the lithium and the vanadium atoms at the crystallographic 16c sites. Our magnetization data show no long-range ordering down to 2 K but splitting between the zero field cooled (ZFC) and field cooled (FC) data is found below 3 K in low fields. A large CurieWeiss temperature, θ CW = -185 K indicates strong antiferromagnetic (AFM) correlations between the magnetic ions. Our frequency dependent ac susceptibility results indicate a spin-glass ground state. To study in detail the dynamics of this glassy state below the freezing temperature (T f ), we have carried out further experiments and observed magnetic relaxation, memory and ageing phenomena which are thought to be typical characteristics of spin-glasses. During the study of memory effects, we observed that a positive heat cycle erases the previous memory and initializes the relaxation again as prescribed by the hierarchical model [19, 20] . The inferred magnetic heat capacity has a broad maximum at T ∼7 K but no sharp anomaly indicative of long-range ordering (LRO) is observed. The field swept 7 Li NMR spectra down to 1.8 K indicate the presence of an NMR line shift and gradual broadening of the spectra as T decreases. The spin-lattice and spin-spin relaxation rates both show anomalies at the freezing temperature of 3 K.
II. EXPERIMENTAL DETAIL
The polycrystalline LiZn 2 V 3 O 8 sample was prepared by conventional solid-state reaction techniques using high purity starting materials. The sample was prepared in two steps. First, we prepared the LiZnVO 4 precursor from a stoichiometric mixture of preheated Li 2 CO 3 (99.995% pure), ZnO (99.9% pure) and V 2 O 5 (99.99% pure) at 700 o C for 15 hours in a box furnace. After that, LiZnVO 4 , V 2 O 3 and ZnO are mixed well (in molar ratio 1:1:1), pelletized and sealed in a quartz tube after flushing with argon gas. The sample was then fired in a box furnace for 24 hours with intermediate regrinding, pelletization and sealing. The temperatures during successive firing were 600 o C and 700 o C. Powder x-ray diffraction (XRD) measurements were performed at room temperature with Cu K α radiation (λ = 1.54182Å) on a PANalytical X'Pert PRO diffractometer. Magnetization measurements were carried out in the temperature range 1.8 − 400 K and the field range 0 − 70 kOe using a Quantum Design SQUID VSM. For the low-field magnetization measurements, the reset magnet mode option of the SQUID VSM was used to set the field to zero. Heat capacity measurements were performed in the temperature range 1.8 − 295 K and in the field range 0 − 90 kOe using the heat capacity option of a Quantum Design PPMS. The NMR measurements were carried out using a phasecoherent pulse spectrometer on 7 Li nuclei in a temperature range 1.8 -200 K. We have measured field sweep 7 Li NMR spectra, spin-spin relaxation rate ( 1 T2 ) and spinlattice relaxation rate ( 1 T1 ) at two different fixed radio frequencies (rf) of about 95 MHz and 30 MHz, respectively. The spectra were measured using a conventional spin-echo sequence ( π 2 − τ echo − π). We have used the spin-echo pulse sequence with a variable delay time τ D to measure T 2 and a saturation pulse sequence (
is used after a waiting time or last delay of three to five times of T 1 between each saturation pulse to measure T 1 .
III. RESULTS AND DISCUSSION
X-ray diffraction and crystal structure
To check the phase purity, we have measured the XRD pattern of polycrystalline LZVO. The Rietveld refinement of LZVO (shown in Fig. 1 ) revealed that it crystallizes in the centrosymmetric cubic spinel Fd3m (227) space group. The two phase refinement of LZVO indicates the presence of non-magnetic impurity phase Li 3 VO 4 (less than 2%) together with the main phase. The atomic positions obtained after Rietveld refinement (using Fullprof suite [21] ) are given in Table I . After refinement, we obtained the lattice parameters as : Fig. 2(a ions dilutes the corner-shared tetrahedral magnetic network. This dilution serves as an additional source of disorder and is likely to lead the system to relieve the frustration and a spin-glass or frozen state might emerge. Fig. 2(a) and (b) shows (Li/V) 4 corner shared tetrahedra in 3D. Figure 3 : The dc susceptibility χ dc (T ) (on left y-axis) and the inverse susceptibility free from T -independent χ (on right yaxis) of LZVO at H = 10 kOe are depicted as a function of temperature. The solid lines show the Curie-Weiss fit. In the inset, the bifurcation between zero field cooled (ZFC)and field cooled (FC) data below T f = 3 K is observed at an applied field of 25 Oe.
The magnetization (M ) of LZVO was measured as a function of temperature (T ) at various applied magnetic fields (H). The dc susceptibility (χ dc (T ) = M H ) is plotted as a function of temperature in an applied field H = 10 kOe in Fig. 3 . There is no long-range or short-range ordering down to 2 K. The χ dc (T ) at H = 10 kOe is paramagnetic and follows a Curie-Weiss law. The zero field cooled (ZFC) and field cooled (FC) data at H = 10 kOe shows no difference down to 2 K. From a Curie-Weiss fit of χ dc (T ) using the equation: χ(T ) = χ 0 + C (T −θCW) in the range of (200 -400) K, we obtained the temperature independent susceptibility χ 0 = 4.62×10 /mol f.u.) was less than the expected value. In metallic LiV 2 O 4 , the Curie constant was found to be that corresonding to one S = 1 2 moment per vanadium whereas one has, on an average, 1.5 electrons per vanadium. It is possible that here as well, the moment is quenched to some extent due to frustration. The high CW temperature suggests strong antiferromagnetic correlations between the magnetic vanadium atoms in the sample. In the inset of Fig. 3 , the susceptibility at a low field of 25 Oe in ZFC (open circles) and FC (closed triangles) mode shows bifurcation below T f ≃ 3 K. This bifurcation suggests a spin-glass ground state of the system at low temperature. The inferred frustration parameter [1] (f = |θcw| TN ≈ 62) puts the LZVO system in the highly frustrated category.
AC susceptibility
To further probe the magnetic behaviour of LZVO, the frequency dependence of the ac magnetic susceptibility was measured. The temperature variation of the in-phase component of the ac susceptibility, χ ′ ac (T ), was measured between 2 -4.2 K in the frequency range 1 ≤ ν ≤ 1000 Hz. As shown in Fig. 4 , the χ ′ ac (T ) curve displays a peak at T f ∼ 3.0 K and it shifts toward s higher temperatures as the frequency ν changes from 11 Hz to 555 Hz. The out of phase component of ac susceptibility χ ′′ ac (T ) also shows a peak at around 3.0 K which however hardly shifts with a change in frequency (shown in the inset of Fig. 4 ). The χ ′′ ac (T ) is non-zero positive below T f and is negative above T f . It is evident that the χ ′ ac data show a significant frequency dependence, with a downward shift of the curve, at around 3 -3.3 K. These observations underline the spin-glass (SG) state associated with frustrated magnets. Such behaviour is the characteristic of the SG transition and allows us to distinguish the SG compounds from the disordered AF systems, in which χ ′′ ac (T ) is constant and remains zero even below the transition temperature [22] [23] [24] . All the above features point to the formation of a spin-glass ground state. The frequency dependence of T f is often quantified in terms of the relative shift of the spin freezing temperature, de-
, which is calculated to be 0.039 for the LZVO compound. This value of δT f indicates that the sensitivity to the frequency is larger than that for canonical spin-glasses such as CuMn (δT f = 0.005) [26] and AuMn (δT f = 0.0045) [23] . It is, in fact, intermediate between the values for canonical spin-glass systems and superparamagnets. It is of interest to note that the present value is close to that of the shape memory alloys showing re-entrant spin-glass (RSG) behaviour [27] , 0.037 seen in metallic glasses [28] and 0.095 reported in LaCo 0.5 Ni 0.5 O 3 [29] . In Fig. 5(a) we have fitted T f with the empirical Vogel-Fulcher law:
, where ω 0 is the characteristic frequency, ω is the angular frequency (ω = 2πν), E a and T 0 are the activation energy and Vogel-Fulcher temperature, respectively. The best fit, shown in Fig. 5(a) , is obtained for ω 0 ≈ 3.56 × 10 6
Hz, E a /k B ≈ 3.31 K, and T 0 ≈ 2.76 K. As the measured frequency range is limited (only up to 1 kHz), the error bar will be high in the derived parameters from such a fit. The Vogel-Fulcher fit of the variations of the freezing temperature (T f ) with frequency suggests short-range Ising spin-glass behaviour [30] . The characteristic frequency obtained from the fitting is less than that of conventional spin-glass systems, which is about 10 13 rad/s. Such a low value of characteristic frequency is associated with the re-entrant spinglass (RSG) systems like Ni 2 Mn 1.36 Sn 0.64 [27] and cluster magnet Zn 3 V 3 O 8 [10] . Thus we might suggest that the spin glass state in LZVO is not atomic in origin; rather it is related to clusters of atoms.
On further analysis, the T f is found to obey the critical slowing down dynamics (see Fig. 5(b) ) governed by the equation: τ = τ 0 (
, where τ 0 is relaxation time and zv is the dynamic exponent [31] . We found the best fit with T g = 3.03 K, τ 0 ≈ 1.82 ×10 s and zv lies in the range 4 -13 [28] . The fact that the present value of τ 0 is higher than that for conventional spin glasses suggests that the relaxation is slower and that the SG phase is constituted by randomly magnetized clusters, instead of atomic level randomness. Such high values have also been found in other RSG systems such as Heusler alloys, LaCo 0.5 Ni 0.5 O 3 , pyrochlore molybdates etc. [27, 29, 32] . Such a high value for τ 0 also indicates that the spin-flipping takes place in a rather slow manner in LZVO. The value of z ν is also less than the range for usual spin glasses.
Ageing effect and relaxation
Ageing effect is a characteristic signature of any glassy system [26, 33] . Here, ageing effect has been studied with time evolution of zero field cooled (ZFC) magnetization. The Fig. 6(a) depicts the growth of the magnetization data as a function of time, in the frozen state. The sample was cooled to 2.2 K in the ZFC mode and then the system was allowed to age for a waiting time t w . Subsequently, a field of 200 Oe was applied and the magnetization was then recorded as a function of time. We have measured ageing effect for three different waiting times 10 s, 1000 s and 5000 s. It is clear that the magnetization growth is slower for larger waiting times, which indicates the metastability associated with the low temperature magnetic state. We also measured the isothermal remanent magnetization (M IRM ) of LZVO to explore the metastable behaviour of the glassy state around the spin-glass transition temperature. For this, first we cooled the sample in the zero field mode from 300 K to the desired temperature, then a field of 500 Oe was applied for 300 s and then the applied field was switched off and the system was allowed to relax. The magnetization was then recorded as a function of time up to two hours. Fig. 6(b) shows the relaxation curves normalised to the magnetization before making the field zero, M IRM (t)/M IRM (0). The time dependence is fitted with the stretched exponential given as in equation
Here, τ is the characteristic relaxation time and α is the stretching exponent, which ranges between 0 and 1. Here M 0 and M ∞ are magnetizations at t → 0 and t → ∞. The best fit is obtained for each isotherm is listed in Table II. The decay is faster as one gets closer to T f =3 K. This indicates that the application of a field below T f causes the system to go to a metastable and irreversible state. As expected, above T f , M IRM is independent of time. 
Memory effect
The Fig. 7 shows a memory effect in the dc magnetization. We have measured the FC magnetization using the following protocol introduced by Sun et al . [19] . The magnetization was recorded during cooling of the sample at 500 Oe from 100 K down to 2 K at a constant cooling rate of 1 K/min. The cooling process was interrupted at 2.5 K and 2.2 K for a waiting time t w = 3 h, in each case. During t w , the field was switched off and the system was allowed to relax. After each stop and wait period, the FC process was resumed. The stops at 2.5 K and 2.2 K are evident in the obtained M FCC Stop curve shown in Fig. 7 , as step-like features. Once the cooling process was completed by reaching 2 K, the sample was heated continuously in the same magnetic field while recording the magnetization data. The magnetization obtained this way, referred to as M FCW Mem , exhibits a weak change of slope at 2.5 K and a prominent minimum at 2.2 K although there was no heating at these temperatures. This indicates that the system has its previous behaviour during the cooling operation imprinted as a memory. This sort of behaviour has been observed in intermetallic compounds such as GdCu [34] , Nd 5 Ge 3 [35] and in super spin glass nanoparticle systems [19, 36] . This is considered to be a typical characteristic of spin-glasses. The slope change or dip at 2.5 K in the M FCW Mem curve is weak because at 2.5 K the system is not much below the blocking temperature (i.e. T f = 3.0 K at H = 500 Oe) which is the peak of the ZFC curve (see inset of Fig. 3 ). This indicates that at 2.5 K, the system is not deep enough into the SG state. A reference curve (M FCW Ref ) was also measured by cooling the sample continuously in H = 500 Oe. It is worth mentioning that no memory effect was observed when we waited at a temperature above T f .
To further test the signature of the memory effect we have investigated the ZFC and FC relaxation behaviour with negative temperature cycling as shown in Fig. 8 . In the ZFC method, the sample was first zero-field cooled from the paramagnetic phase to the measuring temperature T 1 = 2.75 K, which is below the spin freezing temperature T f . Subsequently, a magnetic field of 500 Oe was applied and the magnetization was recorded as a function of time for a period t 1 = 1 hr. After that, the sample was quenched to a lower temperature T 2 = 2.0 K without changing the field and the magnetization was recorded for a time t 2 = 1 hr. Finally, the temperature was restored to T 1 = 2.75 K and the magnetization was recorded for a time t 3 = 1 hr. The relaxation curve obtained this way is depicted in Fig. 8(a) . When the system was returned to T 1 = 2.75 K after the temporary quenching, the magnetization resumes from the previous value it reached before the temporary quenching. This indicates that the temporary quenching does not erase the memory in ZFC relaxation. In the FC process, the sample was first field cooled to T 1 = 2.75 K in 500 Oe. Once the measuring temperature was reached, the field was switched off and subsequently the magnetization was measured as a function of time (see Fig. 8(b) ). Similar to the ZFC method, the FC method also preserves the state of the system even after a temperature quench. In both ZFC and FC methods, the relaxation curve during t 3 is just a continuation of the curve during t 1 if we neglect the curve during t 2 , which represents a memory effect. According to the droplet model [37, 38] of spin glasses, one would expect a symmetric behavior in magnetic relaxation concerning heating and cooling cycles. But the hierarchical model [19, 20] predicts that a positive temperature cycle can destroy the previous memory and initialize the relaxation again, which makes the response asymmetric. To compare the response with respect to intermittent heating and cooling cycles, the relaxation experiment with a temporary heating cycle was also performed. The results are shown in Fig. 9(a) and (b) . As can be seen from these figures, a positive temperature cycle erases the memory and re-initializes the relaxation in both ZFC and FC method. This confirms that the response of the system is asymmetric and therefore it supports the hierarchical model proposed for spin-glasses. According to this model, there exists a multi-valley free-energy surface of a frustrated system at a given temperature T . When the system is cooled from T to T −ΔT , each valley splits into many sub-valleys. If ΔT is large, the energy gaps between the primary valleys become high. The system cannot overcome this energy barrier within a finite waiting time t 2 . Thus, the relaxation occurs only within the secondary sub-valleys. When the system is brought back to its initial temperature T , then the sub-valleys merge back to the original free energy surface and relaxation at T resumes without being perturbed by the intermediate relaxations at T − ΔT . But, when the system is heated from T to T + ΔT , then the barriers between the free energy primary valleys becomes low or some-times even merge. Therefore, the relaxations can easily take place within different valleys. When the temperature T is restored, although the free energy surface goes back to the original free energy surface, the relative occupancy of each energy valley does not remain same as before. Therefore, the state of the system changes after a temporary heating cycle and no memory effect is observed. The behaviour we found in our system, has been seen in some other SG systems too [10, 19, 34, 35] . 
Heat capacity
We have measured the heat capacity of the LZVO sample at a constant pressure C p (T ) by the thermal relaxation method at different fields (0 -90 kOe) in the temperature range (2 -280) K for zero field and (2 -50) K for other fields. The Fig. 10 shows the temperature dependence of the specific heat at constant pressure
There is no sharp anomaly in the C p (T ) vs. T data which supports the dc susceptibility at 10 kOe. Below 10 K, in the C p /T vs. T plot (see inset of Fig. 10 ), there is a broad hump or anomaly at low temperature. These anomalies are field dependent and appear to be Schottky anomalies. To extract the magnetic contribution to the heat capacity, we have to subtract the lattice and Schottky contributions from the total heat capacity i.e.
where C lat and C Sch are the lattice and Schottky heat capacities respectively. As there is no suitable non-magnetic analog, we attempted to fit the specific heat capacity data with a combination of one Debye term
(e x −1) 2 dx and several Einstein terms C ei 3nR(
to determine the C lat . Among them, one Debye function plus three Einstein functions (1D+3E) fit was the best in the fit range 18 -135 K where the coefficient C d stands for the relative weight of the acoustic modes of vibration and coefficients C e1 , C e2 and C e3 are the relative weights of the optical modes of vibrations. After fitting we obtained C d :C e1 :C e2 :C e3 = 1:6:4:3. The sum of these coefficients is equal to the total number of atoms (n = 14) per formula unit. In the absence of an applied field, the C p (T ) data at H = 0 kOe, C p (0, T ) contains lattice C lat (T ), as well as a magnetic C m (H , T ) part but lacks a Schottky contribution. So we consider C p (0, T ) as a reference and subtract it from the higher field data C p (H , T ) to obtain Schottky contribution in that particular field,
. Now this ∆C p represents the Schottky contribution provided that C m (H , T ) is field independent in that temperature range. In Fig. 11(a) . we have plotted ∆C p /T vs. T and the Schottky contributions (C Sch ) to the total heat capacity which are well fitted by a two level Schottky system [39, 40] ; where f is the fraction of free spins within the system, ∆ is the Schottky gap, R is the universal gas constant, k B is the Boltzmann constant and g 0 and g 1 are the degeneracies of the ground state and excited state, respectively (in this case, g = g 0 = 1). Here, with respect to the 25 kOe data, we have derived the Schottky contribution at higher fields as the zero field data have the same kind of anomaly present which might be a result of some intrinsic interactions present within the system. From the fitting of ∆C p (T )/T , we obtained the energy gap ∆ at different fields which were plotted in the inset of Fig. 11(a) and shows a linear dependence. From the slope of ∆ vs. H plot, we obtained the value of Landé g factor, g = 2.05 which is close to the value for free spin. From our fits, the fraction of S = 1 2 entities contributing to the heat capacity is about 2-5 %. The large intercept in the ∆/k B vs. T shows that the internal magnetism exists even in zero applied field as might be expected in a spin-glass. After subtracting the lattice and Schottky contribution, we obtained the magnetic heat capacity C m at 50 kOe, 75 kOe and 90 kOe. Fig. 11(b) shows the magnetic heat capacity (C m ) on the right y-axis. The C m is independent of the applied field and it shows a hump around 7.5 K. Also the derived magnetic entropy change, ∆S m (T ) (=´C m T dT ) is 1.75 (J/mol K) in the temperature range 2-30 K, which is only 25% of the expected Rln(2S + 1) = 6.89 (J/mol K) for two S = 
7.
7 Li NMR spectra and shift
In LZVO, the Li is at the B-site together with magnetic vanadium. Due to a (usually) strong onsite coupling between the nuclear moment and the electronic moment it is very difficult to detect NMR signal from the magnetic vanadium ions. But For Li 1+ ions, the electronic spin is zero (S = 0), and it has a nuclear spin I = 3 2 . Also, the 7 Li nuclei are good for NMR study because they have a high natural abundance (92.6%) and a high gyromagnetic ratio γ 2π = 1.6546 MHz/kOe.
7
Li NMR spectra have been measured at 95 MHz down to 1.8 K. The spin-lattice and spin-spin relaxation rates also have been measured to probe the low energy excitations. Fig. 12 shows the spectra at different temperatures from 143 K to 1.8 K. The spectra gets broadened and nominally shift towards higher field (i.e. negative shift) as temperature decreases. By fitting each spectrum at different temperatures to a Gaussian function we derived the full width at half maximum (FWHM) and NMR line shift 7 K (using the relation 7 K = Fig. 13 on the right and left y-axis, respectively. Both follow paramagnetic or Curie-Weiss behaviour like the bulk susceptibility. In the inset of Fig. 13 , we have plotted the 7 K(%) vs. dc susceptibility χ(T ) with temperature as an implicit parameter. It is showing a linear behaviour. As we know K shift = A hf NAµB χ(T ); so from the slope of the linear fit, we can obtain the hyperfine coupling constant (A hf ). We have fitted the 7 K -χ plot by a linear equation in two different ranges which are designated as -linear fit 1 and linear fit 2. In linear fit 1, we have considered the whole temperature range and it gives us A hf = 9.5 kOe/µ B . On the other hand, in linear fit 2, we have neglected a few low-temperature points (as, here, there could be some extrinsic Curie contribution in the susceptibility) and this fit yields A hf = 11.9 kOe/µ B . One can notice a deviation from the straight line which might be due to some extrinsic contribution to the susceptibility at low-T .
Spin-spin and spin-lattice relaxation
The spin-lattice relaxation time (T 1 ) of 7 Li at various temperatures was measured using a saturation recovery sequence at two fixed frequencies 95 MHz and 30 MHz. The data are well fitted with a single expo-
) in the temperature range (150 -7 K) and around 3 K the data are best fitted with a stretched exponential. At low fields, the spin-lattice relaxation rate shows a prominent peak around 2.9 K which is close to the spin-glass ordering temperature T f = 3 K (see Fig. 14) . This is in agreement with the bulk dc susceptibility, where, in high-fields, the anomaly is suppressed. The spin-spin relaxation data are well fitted with the single exponential M (t) = M 0 exp
) . The spin-spin relaxation rate ( Figure 13 : The 7 Li NMR shift (left y-axis) and the FWHM (righty-axis) of the 7 Li NMR spectra as a function of temperature behave like the paramgnetic bulk susceptibility. In the inset, the linear variation of 7 K (%) vs.χ with temperature as an implicit parameter is shown and from the slope we determine the hyperfine coupling constant. ) and (in the inset) the spin-spin relaxation rate (
) of
7 Li are shown in semi-log scale. Both were measured at two different fields (95 MHz and 30 MHz) with a prominent peak at around T f = 3 K in lower field. The connecting lines are a guide to the eye.
shows an anomaly around the spin-glass transition temperature T f = 3 K. The Fig. 15 where published data are shown along with our data). In low-fields i.e. at 30 MHz, we observed an increase in our 1 T1 data of 7 Li nuclei for LZVO near the spin-glass or freezing temperature 3 K (see Fig. 14) . Likewise in case of Li 1−x Zn x V 2 O 4 (x = 0.1) and Li(V 1−y Ti y ) 2 O 4 (y = 0.1) [42] , an anomaly or peak in the T -dependence of [12] has been reported where an almost temperature independent spin-lattice relaxation rate ( 
IV. CONCLUSION
The cubic spinel LiZn 2 V 3 O 8 has been successfully synthesized. It crystallizes in the centrosymmetric cubic spinel Fd3m space group. From the CW-fit of our 10 kOe susceptibility data, we obtained the Curie constant C = 0.28 Kcm 3 /mol V and CW temperature θ CW = -185 K. The Curie constant suggests a possible suppression or partial quenching of local moments and the CW temperature suggests strong AFM correlations among the magnetic vanadium ions. A high value of frustration parameter (f = 62) is inferred from our data. The ZFC-FC bifurcation below 3 K indicates spin-glass nature which is confirmed by frequency dependence of the ac susceptibility and the Vogel-Fulcher law fitting of the freezing temperatures. The low value of the characteristic frequency ω 0 ≈ 3.56×10 s indicate a cluster nature of the spin-glass ground state. We observed ageing phenomena and memory effect both in ZFC and FC mode. We found that a positive temperature cycle erases the memory, as predicted by the hierarchical model. In heat capacity data we did not observe any sharp anomaly indicative of longrange ordering down to 2 K. At low temperature, Schot-tky anomalies are seen in the C p /T data. The entropy change ∆S m is only about 25 % of what is expected for LiZn 2 V 3 O 8 per formula unit. This is likely due to the presence of strong frustration in the system. The significant contribution of magnetic heat capacity shows a hump around 7.5 K which is independent of the applied field strength. The field swept 7 Li NMR spectra show shift ( 7 K) in position as T decreases. The 7 K(%) vs. χ follows a linear behaviour and the derived hyperfine coupling constant A hf = 11.9 kOe/µ B . The temperature dependence of the spin-lattice relaxation rate ( Li nuclei indicates that they are sensitive to the fluctuations of the magnetic ions and show an anomaly near T f . All the above results point towards the formation of a cluster spin-glass ground state.
V. ACKNOWLEDGMENT
SK acknowledges the financial support from MHRD, Govt. of India. AVM would like to thank the Alexander von Humboldt foundation for financial support during his stay at Augsburg Germany.
